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Abstract 
In small ruminants, reproductive wastage due to early embryo mortality is a major industry issue because it reduces 
reproductive efficiency and limits productivity. In sheep, early embryo mortality appears to be caused by reductions in 
progesterone concentrations when animals are over-fed, but this concept has not been studied in goats. Therefore we 
tested whether a supplement of lupin grain affects circulating progesterone concentrations in Cashmere goats during non-
breeding season. We allocated 23 females into two groups: Controls were fed to ensure maintenance of body mass (85% 
chaff, 15% lupins head daily); Supplemented goats were fed twice their daily requirements for maintenance. All animals 
were anovulatory and treated with CIDRs to supply exogenous progesterone at a relatively constant rate. Nutritional 
treatments lasted for 18 days, and coincided with the presence of CIDRs. Leptin and insulin concentrations were increased 
(p < 0.05) by supplementation, but progesterone concentrations did not significant differ between groups at any time 
during the experiment. We conclude that a dietary supplement that elicits major changes in energy homeostasis does not 
reduce progesterone concentrations in goats and is thus unlikely to affect embryo mortality. 
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1. Introduction 
Progesterone plays an important role in the growth and development of the embryo and in the maintenance 
of pregnancy. In sheep, over-feeding during early pregnancy reduces blood progesterone concentrations and 
can increase embryo mortality [1]-[3]. Hepatic blood flow increases by 45% by 3 hours after feeding and 
remains elevated for at least 4 hours [4] and [5] and Parr [6]-[8] demonstrated that these processes increase 
the metabolic clearance rate of progesterone and thus explain the fall in progesterone concentrations. In 
addition to clearance, the secretion of progesterone might also be affected by nutrition through the actions of 
hormones involved in metabolic homeostasis, such as leptin and insulin, both of which could act either 
directly on luteal tissue, or indirectly via the hypothalamic-pituitary-ovarian axis [9]-[11]. 
In principle, these problems could also arise in goats because their reproductive physiology is similar to 
that of sheep, especially during early pregnancy when luteal progesterone is critical. Thus, for the goat 
industry, we need to know whether the growth and development of embryos will be compromised by 
nutritional supplements, as observed in sheep, because answers to such questions are critical for the 
formulation of management strategies. Therefore, we tested whether a nutritional supplement will: i) decrease 
the plasma concentrations of progesterone in anovulatory goats given a constant exogenous source of 
progesterone; and ii) increase the plasma concentrations of leptin and insulin. 
2. Materials and Methods 
2.1. Animals and Treatments 
The experimental procedures were approved by the Animal Ethics Committee (AEC) of The University of 
Western Australia (Reference: RA/3/100/736). During the non-breeding season, 23 Australian Cashmere 
goats, aged 2-3 years and weighing 34.7 ± 1.3 kg, were transported from Allandale Farm to the animal house 
on the main campus of The University of Western Australia. All does were placed in individual pens (1.5 m × 
0.5 m) in ventilated rooms under temperature control (around 29 °C) for the duration of the study. Automatic 
lighting mimicked daylight patterns. During habituation (2 weeks, Days –13 to 0 of the experiment), the does 
were fed daily with only 800 g oaten chaff and water was provided ad libitum.  
Three does failed to habituate adequately and were excluded, and the remaining does were allocated into 
two groups of 10, Control and Supplemented, on the basis of live weight. On Day 1, all animals were given a 
silicon elastomer implant impregnated with 300 mg progesterone (CIDR).The does were weighed during the 
feeding treatment (Days 1, 7, 14) and the datawere used to calculate individual amounts of feed offered. There 
were two regimes for blood sampling: a) Samples every 3 h for 24 h on Day 0-1 (before CIDR insertion) and 
Day 19-20 (beginning 1½ h after CIDR withdrawal); b) Samples every second day from Day 2 to Day 17 at 
0900 h (ie, before feeding). Samples were centrifuged immediately; plasma was stored at -20°C. 
The feeding treatments were begun on the day of CIDR insertion (Day 1). Animals were fed between 10.00 
and 11.00 h daily for 18 days with diets comprising oaten chaff (89% dry matter; 8.0 MJ/kg metabolisable 
energy; 5.1% crude protein) and lupin grain (92.4%; 12.4 MJ/kg; 28.1%) that had been analysed for nutritive 
value by NIR using appropriate calibrations. Using a mix of 85% oaten chaff and 15% lupin grain, the Control 
does were each individually offered an amount calculated to ensure maintenance of live weight. The 
Supplemented group was fed to about twice their maintenance requirement by feeding extra lupin grain. The 
average amounts fed were 495 g chaff and 90 g lupin grain for Controls, and 500 g chaff and 510 g lupin 
grain in the Supplemented group. All animals received 20 g of a complete mineral mix daily. 
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2.2. Hormone Assays 
Plasma progesterone was measured in duplicate using an active radioimmunoassay (RIA) using a 
commercial kit (DSL 3900, Diagnostic Systems Laboratories Inc., Webster, TX) as described previously [12]. 
All samples were processed in a single assay and the limit of detection was 0.11 ng/ml. Two quality control 
samples (1.15, 8.68 ng/ml) were used to estimate intra-assay coefficients of variation (2.93%, 2.94%) and 
inter-assay coefficients of variation (3.04%, 4.22%). 
Plasma leptin was measured in duplicate by a double-antibody RIA [13]. All samples were processed in a 
single assay and the limit of detection was 0.13 ng/ml. Six replicates of three control samples (0.73, 1.18, 1.97 
ng/ml) which were used to estimate the intra-assay coefficients of variation (4.05%, 6.25%, 3.91%). Plasma 
insulin was also measured in duplicate by a double-antibody RIA [14]. All samples were processed in a single 
assay and the limit of detection was 0.50ng/ml. Six replicates of three control samples (7.19, 2.95,2.14 ng/ml) 
which were used to estimate the intra-assay coefficients of variation of 2.70%, 3.99% and 14.52%. 
2.3. Statistical Analyses 
Progesterone concentrations were consistently high (> 2 ng/ml) during the 24 hours before CIDR insertion 
for 2 Control does and 4 Supplemented does, suggesting an endogenous source of progesterone so these does 
were excluded from the statistical analysis of progesterone data. These does were, however, retained for all 
other comparisons. Using SPSS statistical software, data for live weight and hormone concentrations were 
subjected to MIXED procedure repeated measures analysis of variance, with Doe as the random effect to 
account for variation among animals. The interaction (treatment x day) was included in the model using day 
as a repeated measure. Data are presented as means ± SE; differences were regarded as significant at p < 0.05. 
3. Results 
The average live weights did not differ between the Control and the Supplemented groups at any time in 
the experiment. For both leptin and insulin, concentrations did not differ between Control and Supplemented 
groups before or after the treatment period but, during the feeding treatment, concentrations were higher in 
Supplemented does than in Controls (Table 1). 
Table 1. Plasma concentrations (mean ± SE, n = 10) of leptin and insulin in female goats measured over 24 h before CIDR insertion, 
every 2 days during treatment, and over 24 h after CIDR withdrawal. 
Hormone Group Before CIDR insertion (Days 0 to 1) 
During Treatment 
(Days 3 to 18) 
After CIDR withdrawal 
(Day 19 to 20) 
Leptin (ng/ml) Control 1.32 r 0.11 1.22 r 0.15a 1.50 r 0.22 
 Supplemented 1.32 r 0.14 1.45 r 0.19b 1.49 r 0.22 
Insulin (ng/ml) Control 1.37 r 0.1 1.21 r 0.1a 1.49 r 0.2 
 Supplemented 1.51 r 0.2 1.71 r 0.2b 1.58 r 0.3 
a, b Significantly different within groups in each hormone (p <0.05) 
Fig. 1 shows the progesterone data for animals that were deemed not to have endogenous sources of the 
hormone before the experiment began. The concentrations of progesterone were similar (p > 0.05) for the two 
groups throughout the experiment, from CIDR insertion (Fig. 1A), throughout the experimental period (Fig. 
1B), to CIDR withdrawal (Fig. 1C). Within 1½ h after CIDR withdrawal at 0930 h, the concentrations of 
progesterone in both groups had declined to very low levels at 0.1 ng/ml at 1100 h on Day 19) and remained 
low until the last sample at 0800 h on Day 20 (Fig. 1C). 
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Plasma progesterone (ng/ml) 
 
Fig. 1. The plasma concentrations of progesterone in Control (n = 8; white dot) and Supplemented (n = 6; black dot) does. A: values 
observed every 3 h over the 24 h before CIDR insertion (before the start of treatment). B: values observed every 2 days from Day 3 to 
Day 17 during the treatment period. C: values observed every 3 h over the 24 h following CIDR withdrawal at 0930 h on Day 19 (after 
treatment ended). Values are mean ± SE. Note different scales for the y-axes. 
4. Discussion and Conclusion 
A high level of nutrition, achieved through supplementation with lupin grain for 18 days, did not reduce 
the plasma concentration of progesterone in anovulatory Australian Cashmere female goats that were bearing 
a progesterone implant. The hypothesis that lupin supplementation will reduce plasma progesterone 
concentrations in female goats is rejected. 
In the context of this negative result, it is important to highlight the efforts made to ensure a robust 
experimental design. First, the feed intake for each doe was independently controlled with a consistent 
feeding routine in individual pens. Second, the amount consumed was constantly altered according to 
individual body weight. Third, a cyclic goats were used (no endogenous progesterone from corpora lutea) and 
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the rate of supply of progesterone to the animal’s body was held relatively constant using CIDRs. Although 
we did not use the classical approach for measuring clearance, it is unlikely that lupin supplementation 
increases the rate of metabolic clearance of progesterone in female goats, for example by changing hepatic 
blood flow, in contrast with the situation in sheep [9] and [10]. Importantly, it is clear that goats do not suffer 
the same risk from excessive feeding during early pregnancy as sheep so, in the goat industry, the growth and 
development of embryos are not likely to be compromised by supplements used to increase ovulation rate. 
Importantly, the concentrations of both insulin and leptin were increased by nutritional supplementation. 
These results are consistent with the physiological inter-dependency of these two hormones, due to actions of 
insulin on adipose tissue, the site of production of leptin [15]. With respect to the rejection of central 
hypothesis underlying the present study, it is therefore clear that the diets exerted major shifts in metabolic 
homeostasis. Despite this, there was no evidence at all of a change in progesterone concentrations. 
In conclusion, a reduction of progesterone concentrations by over-feeding, as documented for sheep, does 
not seem to exist in goats. It is unlikely that goats will suffer a risk of early embryo mortality from excessive 
feeding during early pregnancy, for the goat industry, it is safe to use supplements attempt to increase 
ovulation rate and to improve pregnancy rates [16]. 
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